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The purpose of this addendum is to bring up to date the re-
port MITNE-40, "PULSE - An IBM 7094 Program for Calculation of Fast
Neutron Kinetics by Monte Carlo", by A. E. Profio, issued in October
1963 by the Department of Nuclear Engineering, Massachusetts
Institute of Technology, Cambridge, Massachusetts. Familiarity
with the report is assumed.
The major change which has been made in the FORTRAN program
is an improved method of treating neutron leakage. In the earlier
version the distance and time to the next collision was computed
in subroutine FLIGHT, and then one of the geometry subroutines
BLOCK, CYLIND, or SPHERE was used to calculate the new position.
The geometry subroutine also decided if the new position was in-
side or outside of the assembly. If it was outside, the neutron
was tabulated as having escaped, but the time of escape was record-
ed at the time at which the next collision would have occured, had
the boundary not been crossed. This is evidently incorrect and
biases the decay toward a longer mean lifetime.
Tn the new version, the distances to the various boundary
planes (for a block), end planes or cylindrical surface (for a
cylinder) or spherical boundary is calculated. There may be more
than one positive distance to a boundary along the direction of
travel of the neutron because the surfaces are supposed to be ex-
tended to infinity, and there is no way to know beforehand which
boundary will be crossed first. Hence the distances to all
boundaries are calculated along the direction of travel, and the
smallest positive distance chosen as the distance to the surface
of escape.
Outline of Revised Calculation
The main program of PULSE has been modified by substituting
new instructions from FORTRAN statement number 130 up to but not
including statement number 160, and by replacing subroutines
FLIGHT, BLOCK, CYLIND, and SPHERE by new subroutines FLITE, POST,
2.
DTPB, DTCB, and DTSB (see the listing included with this
Addendum). The remainder of the program remains unchanged.
The logical flow is now as follows: after returning from the
cross section subroutine SIGMA and making a few checks as be-
fore, subroutine FLITE is called. FLITE is similar to FLIGHT,
except that now only the time increment (flight time between
collisions, not total time since start) is calculated as the
variable TIMET. The main program then calls the appropriate
subroutine to calculate distance to boundaries: DTPB (distance
to plane boundary, for a block), DTCB (distance to the boundaries
of a cylinder), or DTSB (distance to the sphere boundary). The
subroutine to use is indicated as before by specification of the
input variable KAS = 1 (block), 2 (cylinder), or 3(sphere). The
distance-to-boundary subroutines calculate the distances as ex-
plained above and find the smallest positive distance along the
line of travel. The program then returns to (main) and calls
subroutine POST. This subroutine first compares the distance
to the boundary, DISTB, with the distance to the next collision
DIST which was previously computed by FLITE. If the distance
to the boundary is larger than the collision distance, then the
new position is calculated, the time is updated by TIMET, and
calculations proceed since the neutron has not left the assembly.
On the other hand, if the predicted collision distance is larger
then the distance to the boundary, the new position is calculated
(which should then be on the boundary; this information is not
retained now but the main program could be rewritten to save it),
and the time is updated to the time the neutron crosses the
boundary. The leakage tabulation subroutine LEKTAL is then called
as before.
New Subroutines
Subroutine FLITE is very similar to FLIGHT, the difference
being that a time increment is returned rather than the current
time plus the increment.
Subroutine POST finds if DISTB is larger or smaller than
DIST, claculates new positions as before, new times from either
TIME + TIMET or TIME + DISTB/VEL, and returns also the index
variable KGEO = 1 (if inside) or KGE = 2 (if escaping).
Subroutine DTPB computes the distance from the last
collision at x, y, z to all six boundaries of the block, where
the planes are assumed to be extended indefinitely. The dis-
tance is calculated along the direction of travel (specified
by the direction cosines); negative distances indicate an inter-
section along the travel line but for the opposite direction in
which the neutron is actually moving. The calculation is based
on a vector formula given by Clark and Hansen (22.53 Class Notes,
M.I.T.):
(r - r)- n
L = (1)
where L = distance to plane
r = vector from arbitrary reference point to plane
r = vector from reference point to neutron
n = unit vector perpendicular to plane
11 = unit vector in direction of travel of neutron
The reference point was taken at the origin of coordinates (center
of block), r and n are colinear, and r is + XMAX, + YMAX, or
+ ZMAX depending on the plane being considered. £_ = ai + P_ + yk
where i, J, k are the usual coordinate unit vectors. Substitution
and simplication then gives the formulas in the FORTRAN listing.
The distance to the plane boundaries of a cylinder are
calculated in DTCB as in Eq. 1. The distance to the (infinite)
cylindrical surface is given by
(n - r)(n - () - Cr -1) + f([(n -r)(n .12) - (r .f) 2
+ 21 (n-) 2  R2 + (n-r 2 - r2] 1/2
L =
1 - ( 2
3.
4.,
where L is the distance desired
r = vector from origin to the neutron
n = unit vector along axis of cylinder
f = unit vector in direction of travel
R = cylinder radius 1/2
r = IL = (x2 + y2 + z2)
Subroutine DTSB calculates the distance to the spherical
boundary using the relationship
1/2
L = -fL -r + (:. r) 2 + r 2 - r2
where L is the distance desired
r = vector from origin to the neutron
i1 = unit vector in direction of travel
r = sphere radius
2 2 2 1/2
r = IrI = (x + y + z )
Reduction of these equations gives the formulas in the FORTRAN
listing.






3LEAK C100,10) ,NELS( 100,10) ,NINS( 100) ,NFIS( 100 ) KAPT( 100)
READ 1 ,XSYSZSPARAPARBPARCTHETAKSNEUT
1 FORMAT(7F8s4,12,114),





















PRINT 12VBU ~ "
12 FORMAT(1HO,7HVBOUND=1OF7.4/8X,10F7.4)
13 FORMAT(F7o5,2F7o2,5F8o4, 12)
























































33- -57BF2-9J) = AD2*BF2tJ)
PRINT 21,5BF2
~ ~ ~ RTAD~T,3 5C2~
DO 34 J=1,20
34 5Lz (J AD2*532(J
PRINT 239SBC2
PRINT 24,AP2
RTAUY 15 9 VL 2
PRINT 25,VL2





40 DO 41 J=120
41 SE2J=.
42 DO 43 J=120
44 DO 45 J=1,20
45 SBO2(J)=00


















100 DO 801 N=1,NEUT
110 CALL SOURCE(ALPHABETAGAMMAVELXYZTIMEPARAPARBPARCXSYSZ
1SZMAXTHETASPKS)






























































40 0- -CALL- VTSTALTT ME-Tt DTCH,1K3, NT S)
KSCAT=O




406 GO TO (407,409),KNUCL
407 CALL FT~S~N (XY,2.VELoTIMEFPl FNUl DELNU1 ,NFKT)
GO TO 800





















611 GO TO 800






















822 READ TAPE KT2,XSoYSZS#PARAtTHETA
KT=KT1
GOTOQ10


















5SUBROUTINE SOURCE(ALPHABETAGAMMAVEL X YZTIMEPARA.PARBPARCX
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- -7 TZ~=6.0~+ (T T 5* )ZAX
18 IF( IZ-1)19,21.21









--- -- - --- --u-==== - ------.-amn - -an- o lo-==--- -o-qae-ns me - oi im o ae -e n ae =1=== = e e -












21 GO TO 12
END
12
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25
SUBROUTINE LEVEL(VELSBLVBOUNDPLJ)
DTMENSION S20 ) 9PL 0) #SL (20
IF(20-J)10,10920
SL(L)=SBL(L,20)
~~~- ~- ~--- NT~O Y NTJN T
GO TO 30
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50 DO 60 N=lI
------ P'T40'1W )
K=20.0*R3+1.0
REM=R3-O.05*FLOATF(K-1)
PARA=FP(K)+(REM/0.05)*(FP(K+1)-FP(K))
XSux
ZS=Z
WRITE TAPE KTXSYSZS#PARA*THETA
60 NF*NF+1
END
TOTAL 7
